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SUM^^AEY 

Stress-rupture data for four heat-resisting alloys are analyzed 
according to the equations of the theory of rate processes. A method 
for determining the four parameters of structure and composition is 
demonstrated and the four pareimeters are determined for each of the 
alloys: forged S816, cast S816; cast S590, and cast Vitallium. It 

is concluded that parameters can be determined for an alloy provided 
sufficient reliable experimental data are available. 


INTBODUCTION 

One of the most Important criterions in evaluating an alloy for 
high-temperature application is the time required for rupture at 
elevated temperature when a specimen is subjected to a constant load. 

A number of such investigations, which vary in length from a few hours 
to several thousands of hours, must be conducted when it is desired to 
compare the stress-rupture properties of a series of alloys. The 
theoretical considerations of reference *1 suggest that the equations of 
the theory of rate processes may be applied to the process of stress 
rupture. Eeference 1 provides a basis for the theory that the rate- 
process stress-rupture equation developed therein can be used to 
interpolate and extrapolate data for different temperatures. 

The following alloys were chosen for investigation because the 
available data cover a sufficiently wide range of temperatures and 
stresses to permit determination of the values of the stress-rupture 
parameters: forged S816, cast S816, cast S590, and cast Vitallium. 

An analysis of existing stress-rupture data was made according to this 
theory. The’, compositions and the heat treatments of the alloys are 
given in tables I and II. 
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APPLICATION OF STRESS -RUPTURE EQUATIONS 

The equations, developed in reference 1, which treats stress 
rupture as a rate process, are 


log tj. = 


A + BT - DP 
_ 


( 1 ) 


where 

tj, time for rupture, hour ^ ^ 

A,B parameters of structure and composition 

/ 

T temperature, 

D slope of stress-rupture curve multiplied by temperature 
a applied stress in tension, pounds per square inch 

and 

log D = E + FT (2) 

where 

E,F parameters of structure and composition 

The data for alloys forged S816, cast S816, cast S590, and cast 
Vitallium obtained from the Allegheny Ludlum Steel Corporation and 
from references 2, 3, and 4 are plotted in figure, 1 on semilog coordinates, 
as recommended in reference 1. 

Because of limited stress-rupture data at some temperatures and 
because of the experimental error involved in reproducing stress-rupture 
data, it is difficult to determine the true slopes of the stress-rupture 
curves. In figure 1(a), for example, the curve for 2260° R is fixed 
by three points and in figxire 1(c) the curve for 2060° R is fixed by 
only two points. As a first approximation of the true slopes of the 
stress-rupture curves, the slopes of the curves in figure 1 were 
determined. Figure 2 was then obtained by plotting D (slope of stress- 
rupture curve multiplied by temperature) against temperature on semilog 
coordinates. Corrected values of D taken from figure 2, when divided 
by the corresponding temperatures, yielded values that were more likely 
to be closer to the true slopes of the stress- rupture curve than were 
originally obtained. By use of these corrected slopes, the intercepts 
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of the stress-rupture cxirves t^ when extrapolated to zero stress 
were determined. Figure 3 was obtained by plotting T log tj. against 
temperature. Parameters E and F, which were determined from 
figvire 2 , and parameters A and B, which were determined from 
figure 3 (see appendix) are presented in table III. 


EESULTS AND DISCUSSION 


The use of the stress-rupture equations is not limited by a 
change in structure or by oxidation of the alloy. In ranges of stress 
and temperature in which an alloy is susceptible to a change in 
structure or to surface or intergranular oxidation, the stress- 
rupture equations are still valid; however, a different set of 
parameters must be determined for these ranges . The range in which 
oxidation or structural instability of an alloy is encovuitered is shown 
as a break in the slope on the stress-rupture curve for the alloy. 

It is therefore important to realize when stress-rupture life is pre- 
dicted by use of these parameters that several experiments may be 
necessary to determine whether an alloy of the type under investi- 
gation is susceptible to these 'Changes and whether the parameters 
determined apply only for the range of test conditions. 

In the direct comparison of -two alloys at the same conditions 
of stress and temperature, the time ’for rupture for each material is 
determined by use of the equations. Then, according to the results 
obtained by using the parameters and equations, the alloy that has 
the longer rupture life would have the better stress-rupture properties 
at the conditions in question. Lengthy stress-inipture investigations 
may be eliminated by the prediction of additional data at stresses and 
temperatxures at which no experimental data are available. Ordinarily, 
when it is desired to obtain sufficient data to plot a stress- rupture 
cvirve at a specified temperature, four or five stress-rupture investi- 
gations must be conducted to obtain the data. By use of the equations, 
the number of investigations required is reduced because the curve that 
is desired may be extrapolated from the data that are already available. 

The reliability of results from the extension of data using the 
stress-rupture equation is dependent upon the accuracy of the experi- 
mental data from which the parameters are determined. Reference 5 
reports that approximate values of variation in time for rupture of 
specimens at the same stress and temperature deviate ± 25 percent 
from the average for two-thirds of the investigations conducted and 
greater than 25 percent for the remainder of the investigations. 
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For "beat results the original data should he obtained from specimens 
of the same melt and heat treatment; however, it may he frequently 
desirable to use data obtained from specimens of different metallurgical 
backgrounds. The case in which data are used from specimens of different 
metallurgical backgrounds is illustrated by the determination of para- 
meters for Vitallium, the data for which were obtained from three inde- 
pendent sources (references 2, 3, and 4). It may be difficult to obtain 
good correlation of data from specimens of different metallurgical 
backgrounds if the physical properties of the alloy are sensitive to 
slight variations in composition, heat treatment, or testing procedures. 


CONCLUSION 

The results pf this investigation show that the four parameters of 
structure and composition that are used tp predict stress-rupture data 
can be determined for 6ui alloy when the available stress-rupture data 
cover a sufficiently wide range of temperature and stress. 


Plight Propulsion Research Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 



NACA EM No. E7G18a 


5 


APPEI'JDIX - PEACTICAL APPLICATION OF STEESS-EUPTURE EQUATIONS 

In order to illustrate the method used in calculating param- 
eters A, B, E, and F, the data for cast S816 given in figure 1(b) 
will be used. 

The absolute slope of the I960® E stress-rupture curve is 


D ^r,l - 2 4.00 - IvOO 

_ = : ^ ^ ^ = 0.000184 

T ■ <^'2 13,300 - 29,600 

where subscripts 1 and. 2 indicate initial and final points on the 
curve . 

Then 


Diggo = T X 0.000184 = 1960 X 0.000184 = 0.360 

Simarily 


D 

D 

D 

D 


1810 "" 
2060 "" 
2160 "" 
2260 "" 


0.210 

.412 

.486 

.700 


The plot of log D against T for cast S816 is giyen in 
figure 2(b). The slope of the straight line in figure 2(b) is 


„ log 0.700 - log 0.21 -3 

F = —2 L £ = 1.160 X 10 

2260 - 1810 


The intercept of this line is 

E = log 0.700 - 1.16 X lO’^ X 2260 = -2.778 

The corrected value of D for 1960° E as taken from figure 2(b) 
is 


D = 0.313 
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which then gives the corrected slope 

D = = 0.000160 

:T I960 

similarly; the slopes of the other curves hecome 


V^Aeio 

0 : 000116 

f?) = 

■\Ty 

2060 


.000199 

(t) - 

\-‘-/2160 

.000246 

W 226 O 

.000310 


The intercept of the I960® R stress -rupture curve in figure 1(h) 
is 

log t^ = log t^ + = log 900 + 1.60 X 19,000 X 10-3 = 5.994 

Then 

T log t^'= 5.994 X 1960 = 11.749 

Similarly 

T log ti (1810) = 11,624 
T log t^ (2060) ='11,400 ■ 

T log (2160) _=. 12,169 
T log t^ (2260) = 11,964 

The plot of T log tj^ against T for cast S816 is given in figure 3(b). 
The slope of the straight line obtained is 

I 12,000 - 11,600 

B = = 0.970 

2260 - 1850 
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The intercept is 


A = 12,000 - (0.97 - 2260) = 9810 
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TABLE II - HEAT TEEATMEWT OF ALLOYS 


Alloy 

Heat treatment 

aS816 

Solution- treated at 2250-2300° F, 1 hour; \mter quench; 
aged at 1400° F, not lees than 6 hours; air-cooled 

^90 

Solution-treated at 2250-2300° F, 1 hour; water quench; 
aged at 1400-1500° F, 16 hours; air-cooled 

'byitallium 

flAged at 1810° E, 50 hours 
<^As cast and aged 


^Heat treatment reported by Allegheny Ludlum Steel Corporation. 
“Heat treatment reported in references 2 , 3 , and 4. 

^Specimens tested at 1810° E. 

^Specimens tested at 1960°,' 2060°, and 2260° E. 


TABLE III - STEESS-EUPTUEE PAEAMETEES OF ALLOYS 


Alloy 

Parameter i 

*^2 

B 

(1) 

H 

■1 

Forged S816 

25,664 

-7.88 

-2.687 

0.00108 

Cast S816 

9,810 

.97 

-2.778 

.00116 

Cast S590 

10,869 

1.06 

-2.941 

.00132 

,Cast Vitallium 

12,739 

-1.23 

-2.477 

.00100 


^Determined from figure 3. 
^Determined from figure 2. 


National Advisory Committee 
for Aeronautics 
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(a) Forged S8l6. 


Figure I. — Variation of rupture time t^, with tensile stress o. 
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(b) Cast S8l6. 

Figure I. - Continued. Variation of rupture time t^ with tensile 

stress a. 
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Fi g. I 



(c) Cast S590« 

. “ Continued* Variation of rupture time t^ with tensi le 

St ress a. 


Figure I 
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Fig. Id 
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(d) Cast Vltalllum* 

Figure I. - Concluded. Variation of rupture time with tensile 

stress a. 
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Temperature, T, °R 
(b) Cast S8l6. 

• Variation of log of st ress-ruptu re parameter D with temper- 
ature T. 


Figure 2. 
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Fig. 2c, d 




(d) Cast Vltalllimi, 

Figure 2. - Concluded. Variation of log of st ress-ruptu re parameter 0 

with temperature T. 






